industrial accidents or episodes of chemical poisoning. Establishing such links when workers are diagnosed with chronic disorders such as cancer or neurodegenerative diseases is more complex.
Workers, health care providers, and the members of the scientific community alike are interested in whether chronic, low level exposure to particular chemical compounds can result in delayed health consequences. Both laboratory and clinical research studies are needed to answer these questions.
The majority of research on chronic disorders and occupational exposure has focused on chemicals with carcinogenic potential and occupationally induced cancers. Recent research has examined the possible role of chemical agents in the etiology of neurodegenerative diseases, most notably Alzheimer's disease and Parkinson's disease. Research examining these issues relies heavily on self reported data from clients. Reliable and valid questionnaires are essential to obtaining useful data for such studies.
This article outlines the development and pilot testing of a questionnaire used to estimate exposure to potentially neurotoxic chemicals. Each step in the development and pilot testing of the questionnaire is discussed in detail so that the reader can translate this process to their own areas of interest. The questionnaire described was used in an epidemiologic study of environmental exposures in young persons with Parkinson's disease (Butterfield, 1993) . Presently, the cause (or causes) of Parkinson's disease is unknown. This questionnaire was part of a program of research directed toward understanding the possible role of chemicals in the induction of this disorder.
The questionnaire was used to estimate lifetime exposure to a number of chemicals found in homes and Although some steps in questionnaire design may seem time consuming and tedious, careful anention to each phase results in considerable payoff in terms of questionnaire quality.
worksites. Although the questionnaire was designed with a very unique agenda in mind, the fundamental steps of questionnaire development remain the same for most areas of research, regardless of content.
The process of questionnaire development as outlined in this article includes: 1) establishing the conceptual background of the research; 2) assuring integrity of the research questions; 3) specifying the content domain of the questionnaire; 4) wording, level, and formatting decisions; 5) establishing evidence for questionnaire validity; 6) assessment of questionnaire reliability; and 7) final editing and polishing.
Although some steps in questionnaire design may seem time consuming and tedious, careful attention to each phase results in considerable payoff in terms of questionnaire quality. The effort put into questionnaire design up front ultimately will determine the accuracy of the exposure data and the overall integrity of the research.
ESTABLISHING THE CONCEPTUAL BACKGROUND OF THE RESEARCH
It is not unusual to review a questionnaire and come away with the impression that the authors got lost somewhere between the conception of their research and the final copy of the study questionnaire. Prior to the initiation of a research project, investigators need to: clarify the conceptual underpinnings of their study; relate the research plan to past research in nursing and other disciplines; and delineate the research assumptions.
Conceptual Foundation
A conceptual framework provides an orgamzmg scheme for the research process. The investigator uses this framework to delineate key concepts of the research and describe how these concepts are thought to interact. The conceptual foundation of the research described in this paper was based on the epidemiologic concepts of host, agent, and environment.
The study hypothesized that Parkinson's disease results from interaction between a host (person at risk) and exposure to single or multiple chemical agents; these agents may exist in both occupational and nonoccupational settings. Exposure to a putative agent can result in the death of selected neurons within the host. The damage can remain subclinical for years or decades; when the neuronal reserve is exhausted, symptoms of Parkinson's disease will occur. Younger persons who develop Parkinson's disease may represent individuals who have been exposed to exceptionally large doses of the chemicals of interest. The conceptual statements listed in this paragraph provided the basis for the present study, with the research questions, study design, and core content all originating from this foundation.
Relating the Research Plan to Past Research
Relating the research plan to past research helps inform an investigator about the present state of knowledge as well as identifying gaps and weaknesses within the scientific literature. Prior to designing this study, a comprehensive review of the literature was conducted to identify chemical, physical, and biologic agents associated with the development of Parkinson's disease. Many of these studies were either case reports, summaries of laboratory research, or epidemiologic studies. Over 300 scientific papers were reviewed for the purpose of identifying and classifying chemicals that may potentially be related to Parkinson's disease in workers or the general population.
Research Assumptions
Assumptions refer to those concepts and ideas that the investigator accepts as valid and salient to a study. For example, many studies of social support are based on the assumption that one's social actions are related to one's physical health. An assumption of the present study was that it was possible to estimate a person's exposure to chemical agents by asking about their occupational and residential environments.
ASSURING INTEGRITY OF THE RESEARCH QUESTIONS
Six research questions were identified for the study: A case control design using a mailed questionnaire was chosen as the method of data collection to answer the research questions. This type of design compares information from clients (cases) with that from a comparison group (controls) to establish an estimate of risk associated with the agents of interest. Because the question-naire would be completed by clients in their homes, one goal of the study was to design a questionnaire that would be visually appealing and easily understood.
SPECIFYING THE CONTENT DOMAIN OF THE QUESTIONNAIRE
The content domain refers to specific topic areas about which the investigator wants to ask. These areas are derived from the conceptual framework and research questions. An investigator who has not clearly defined the content domain may miss the opportunity to obtain comprehensive information from clients. Likewise, there is also a chance of wasting the time of both clients and the investigator by including items that are irrelevant and will not help answer the research questions. It is not unusual to read questionnaires that are a smorgasbord of seemingly unrelated items. Each item included in a questionnaire should be clearly grounded in the content domain of the instrument.
The content domain for the Parkinson's disease exposure history questionnaire was determined by the literature review and through interviews with several persons with Parkinson's disease. The Parkinson's disease literature was used to create a list of chemicals that could potentially be related to the development of Parkinson's disease. Key words (such as carbon monoxide, water source, or herbicides) were entered into a computerized database. These word groupings were then used to design questions for the first draft of an exposure history interview guide.
The list of content areas was further refined through a series of interviews with persons with Parkinson's disease. Over several months, approximately 15 individuals were interviewed using the key word guide; these interviews were conducted in the individuals' homes and audiotaped for later review. During the interview, these individuals were questioned in detail about their past chemical exposures. Exposures identified through these interviews were reviewed by a neurotoxicologist and built into the interview guide if they were considered biologically plausible for the induction of Parkinson's disease.
By the conclusion of the interviews, the content domain of the study was well established and included the following areas: 1) demographic information, 2) history of parkinsonian symptoms, 3) family history of neurodegenerative diseases, 4) prenatal health history,S) medicaVsurgicaVdental history, 6) chronology of occupations and industries, 7) exposure to prevalent occupational chemicals with neurotoxic potential, 8) exposure to lead, mercury, and manganese, 9) residentiaVtravel history, 10) nutritional history/food preferences, 11) exposure to insecticides, herbicides, fungicides, and rodenticides, 12) prescription and over the counter medication use, 13) recreational drug exposure, 14) use of personal hygiene products, and 15) exposure to natural, organic, and homeopathic remedies. Areas 1 through 5 generally addressed characteristics of the host (client), while areas
WORDING, LEVEL, AND FORMATTING DECISIONS
A questionnaire will be of little use it: despite the inclusion of appropriate content, persons feel intimidated by its appearance or presentation. The translation of health and medical jargon into a vocabulary that is meaningful for clients is one of the most challenging aspects of questionnaire design. Depending on the target population of the study, individuals vary significantly with regard to vocabulary, reading ability, and level of comfort with written information. If a significant number of clients fail to complete a questionnaire because they feel overwhelmed or frustrated, the validity of a study's findings can be compromised through selection bias. This form of bias may occur if a subgroup of clients (e.g., those with less educational preparation) do not complete the questionnaire; in this scenario the study findings would be based on data that came exclusively from persons with Parkinson's disease who have more education and feel comfortable with written questionnaires.
In a small pilot study, several clients were recruited to critique the questionnaire from the perspective of a research client. Specific questions answered through this activity included: 1) what were their overall impressions of the questionnaire? 2) how long did it take to complete the questionnaire? 3) were there any particular questions that they were unable to understand? and 4) to what extent did their functional limitations (i.e., hand tremor or stiffness) limit their ability to complete the questionnaire? These questions were addressed by asking four clients to complete the questionnaire and provide verbal feedback to the investigator.
Control clients, rather than persons with Parkinson's disease, were asked to participate in this activity because of the very low number of persons with young onset Parkinson's disease in the study area. Clients were identified and sent a copy of the questionnaire and informed consent form. After they completed the questionnaire, the study investigator met with them at their home or office to gather feedback about the questionnaire.
Each of the clients stated that the questionnaire was attractive and fairly easy to understand. Likewise, all thought ordering the questions from birth until time of diagnosis made sense to them. The amount of space allowed to record open ended responses was judged to be 1, "always adequate" (on a scale of 1, "always adequate," to 4, "not adequate"). The average amount of time needed to complete the questionnaire was 85 minutes (range: 75 to 110).
Clients were questioned about the physical-diffieulty of completing the questionnaire. One was recovering from left wrist surgery at the time she completed the questionnaire; however; she had no difficulty completing it. Another stated that she experienced some hand fatigue and needed to take several breaks to finish the questionnaire. Clients were then asked to evaluate the questionnaire for any sexist or racist language or language that could be perceived as demeaning to persons with physical impairments. None thought the questionnaire was demeaning in any way.
During the last part of the interview, clients were asked about topic areas that were unclear to them. 'IWo noted difficulties in the section of the questionnaire that addressed occupational exposures. Part of this section included a list of common occupational neurotoxins; clients were asked to mark "yes" if they had ever been exposed to the chemical listed. Both clients stated that they were confused and intimidated by this list and asked if common sources of exposure could be listed along with each agent.
ESTABLISHING EVIDENCE FOR QUESTIONNAIRE VALIDITY
One of the clearest ways to think about validity with regard to questionnaire development is to ask, "does the questionnaire measure what it is intended to measure?" Validity is central to the conduct of quality research because investigators need to have confidence that they are gathering data on the concepts of interest rather than other related concepts. Validity has many facets, and researchers may choose a variety of strategies to assess the validity of a questionnaire.
In the Parkinson's disease study, two activities were undertaken to acquire evidence that the exposure history questionnaire was measuring what it was intended to measure. The content validity of the questionnaire was assessed by asking toxicology and epidemiology experts to review the questionnaire for thoroughness and accuracy. In a second activity, the validity of clients' responses was assessed by comparing their questionnaire data with available medical record data. The medical record data, gathered by physicians and nurses over time, was used as the standard of comparison for clients' questionnaire data.
Content Validity
The term content validity indicates the degree to which items in a questionnaire adequately represent the universe of content in the area of interest (Polit, 1985) .In the present study, content validity referred to the extent to which the exposure history questionnaire addressed the current knowledge base of chemical agents that are biologically plausible for the induction of Parkinson's disease.
Several scientists and clinicians were asked to evaluate the content validity of the questionnaire. Initial review was conducted by scientific faculty at the Center for Research on Occupational and Environmental Toxicology at Oregon Health Sciences University. Additional critique was provided by members of the Parkinson's Epidemiology Research Committee of the California Parkinson's Association. The latter group consists of basic scientists, toxicologists, physicians, and biometricians who are regarded as experts in the etiology of Parkinson's disease.
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Validity of Clients' Responses
Content validity is only one component of validity; another aspect of this concept refers to the validity of client responses to questionnaire items (i.e., the degree to which responses represent their true exposures). In the Parkinson's disease study, the validity of clients' responses was evaluated by comparing three clients' questionnaire data with other sources of information which are thought to be accurate (i.e., medical record and employment data). Clients participating in this phase of the pilot study were to asked to sign a release form for their medical and employment records.
Medical record data were obtained from each client's referring physicians. There was wide variability in regard to the quality of medical record data; however, it was possible to verify data addressing past surgeries, accidents, and major illnesses. There was 92% agreement (13/14 surgeries in three clients) between surgical information listed in the medical record and the questionnaire data. In regard to occupational data, five past employers of the clients were contacted by the study investigator. There was 100% agreement between clients and employers in regard to job title, although some semantic differences in job title were noted across data sources (i.e., one client listed their job title as "education manager," while their employer listed the title as "education specialist"). These small differences did not affect the numerical coding of job titles. With one exception there was agreement (within 2 years) between clients' and employers' listing of beginning and ending dates of employment.
ASSESSMENT OF QUESTIONNAIRE RELIABILITY
Reliability refers to the repeatability of a measure. Reliability, like the concept of validity, has many dimensions and may be assessed several ways. This concept is of fundamental importance in the design of questionnaires and other survey instruments; if a measure fails to yield consistent findings, the investigator will not be able to have confidence that the "true" properties of the questionnaire are being measured. Reliability is a prerequisite for validity.
The reliability of the exposure history questionnaire was assessed by asking a small number of clients to complete an abridged version of the questionnaire at two time points. For this phase of pilot testing, 11 clients were recruited through contacts with local physicians. These clients were contacted by telephone and asked about their willingness to participate in a pilot study; all 11 agreed to participate. They were subsequently mailed a cover letter, the informed consent form, a stamped return envelope, and the abridged questionnaire.
Data Collection Procedure
Ten of 11 clients completed the first questionnaire and were subsequently sent a second questionnaire. The second questionnaire was identical to the first, with the exception of the cover letter and instructions telling the client to complete the second questionnaire 2 weeks following completion of the first questionnaire. Seven clients returned the second questionnaire, yielding a return rate of 63%.
Reliability of Exposure Variables
To assess data reliability from time 1 to time 2, kappa and percent agreement were calculated for 17 categorical variables. Percent agreement refers to the percentage of time that clients gave the same response to a question at time 1 and time 2. Kappa is a statistic that can be used to quantify the proportion of persons consistently classified in the same category on different occasions (same response at time 1 and time 2) beyond the level of agreement expected by chance (Waltz, 1984) .
Six of the 17 variables showed no variation in clients' responses; this meant that all seven clients had given the same response for that question at time 1 and time 2. No statistics were calculated for these variables. Eight of the 11 variables for which statistics could be calculated had kappa values greater than 0.75, a value interpreted as representing excellent agreement beyond chance (Landis, 1971) . The remaining three variables had kappas between 0.40 and 0.75, representing fair to good agreement beyond chance. Percent agreements on the 17 variables ranged from 85.7 to 100.0.
Reliability of Occupation and Industry Data
The questionnaire asked clients to give a brief description of each job and industry they had held prior to their diagnosis. These data are of critical importance in etiologic epidemiology studies because they may provide evidence of a link between a disease and a particular type of work. Occupation and industry data were coded by the investigator with Census Occupational Codes and Standard Industrial Classification Codes (U.S. Department of Commerce, 1982; U.S. Office of Management and Budget, 1987) .
In reviewing the data, it was fairly common to see changes in the order and number of jobs from time 1 to time 2 (i.e., 7 jobs listed at time 1 and 8 listed at time 2.)
An example of such a change wasthe listing of 2 separate jobs ("selling scenic photography" and "working in a photography studio") at time 1 and then subsequently combining these jobs ("working in a photography studio") at time 2. The data were first analyzed by comparing the percent agreement of the occupational codes from time 1 to time 2. Numbers of jobs listed by clients ranged from 4 to 15 (mean: 7.7).
Percent agreement for Census Occupational Codes ranged from 72 to 100% from time 1 to time 2, with a mean agreement of 86%. Percent agreement for the Standard Industrial Classification codes ranged from 83 to 100% from time 1 to time 2 (mean: 92%).
FINAL EDITING AND POLISHING
Several changes were made in the content and APRIL 1995, VOL. 43, NO.4
formatting of the questionnaire based on fmdings from the pilot study. The primary change involved modifying the questionnaire instructions; a new section on general instructions was added to the beginning of the instrument in lieu of more detailed instructions in each section. The new instructions provided clients with an overview of the questionnaire, presented a diagram showing the relevant exposure period, and showed clients how to mark their responses.
Changes also were made on those questions that referred to specific chemical names; these items were reformatted to be more user friendly and provide clients with a brief description of a particular chemical in question. The directions for this section also were modified to include the statement, "we do not expect you to recognize all the chemical names; you will probably recognize a chemical only if you have worked with it."
Several additional content areas were added to the questionnaire to control for variables that could confound or obscure the relationship between exposures and disease occurrence. For example, gender can confound associations between occupational exposures and disease because men generally have held jobs involving greater and more diverse exposure to chemicals than women. In such cases it is important to adjust or control for potential confounding variables; these concerns are most frequently addressed during the sample selection or analysis phases of a study (Clayton, 1993; Hosmer, 1989) .
Logistic regression analysis was used in the present study to control for variables addressing clients' gender; race, age, age at diagnosis, educational level, and family history of Parkinson's disease.
As required in most academic institutions, the final questionnaire was submitted for review and approval by the University's Committee for Human Research. These types of governing bodies review research protocols, consent forms, and questionnaires to ensure client confidentiality and anonymity during the research process. Questionnaire content also is screened to eliminate content that may be perceived as sexist, racist, or demeaning to clients.
SUMMARY AND CONCLUSIONS
The pilot work conducted during this phase of the Parkinson's disease study provided preliminary evidence for the validity and reliability of the exposure history questionnaire. Following completion of this work, the questionnaire was mass produced and mailed to potential clients and controls within the study catchment area.
Altogether 63 clients and 68 controls (i.e., matched by age, gender; and age at diagnosis) responded to the questionnaire. Analyses of these data yielded significant positive associations between the occurrence of Parkinson's disease and repeated exposure to insecticide and herbicides. Detailed findings from this study are reported elsewhere (Butterfield, 1993) . These findings are consistent with a number of other recent studies linking pesticide exposure to the development of Parkinson's disease (Bar-
Design of a Questionnaire Occupational and Environmental Risks for
Parkinson's Disease. Butterfield, P.G., Lindeman, CA, Valanis,B.G., & Spencer, P.S. beau, 1987; Goldsmith, 1990; Semchuk, 1992) . However; these epidemiologic data are by no means conclusive, and additional research is currently being conducted to further clarify the relationship, if any, between environmental exposures and Parkinson's disease. The results of this nurse directed investigation have helped to advance efforts to understand the .etiology of Parkinson's disease. The development of a sound and 1.
2.
3. MORNJournal 1995; 43(4):197-202. Research linking disease with occupational and environmental exposures is often predicated on obtaining accurate exposure informationfrom affected persons.
4.
Exposure historyquestionnaires are usedto obtain comprehensive information about work history, residential history, behavioral patterns, and lifetimeexposures.
The process of questionnaire development includes: establishing the conceptual background of the research; assuring integrityof the research questions; specifying the content domain of the questionnaire; wording, level, and formatting decisions; establishing evidence for questionnaire validity; assessment of questionnaire reliability; and final edit and polishing.
The careful and systematic development of an exposure history questionnaire can be a key determinant in the success of occupational.health research.
comprehensive questionnaire was a critical component in ensuring the success of this research. The careful design of the study questionnaire allowed clients to record their lifetime exposure history in a clear and systematic manner. This information enabled the research team to gain a more extensive understanding of the range of chemicals encountered in the workplace and their potential role in the induction of neurologic disease. The acquisition of exposure information is a critical component in assessing short and long term occupational health risks of exposure to chemicals with neurotoxic and carcinogenic potential. Improved strategies directed toward the protection of worker health will be predicated on identifying and understanding the long term risks of chemical exposure. This study was funded in part by National Research Service Award #1 F31 NR06431, National Institute for Nursing Research and Sigma Theta Tau, Beta Psi Chapten The authors thank Roderick Hooker, PA, and Phillip Ballard, MD, for their assistance with client referrals and Jonathan Fields, for statistical support.
